INTRODUCTION
6 the residual shear stress (τ r ) which can be used to plot the drained residual strength envelope 165 using the origin. The stress dependent strength envelope developed from the five values of σ' n (0, 166 50, 100, 400, and 700 kPa) can be used directly in the stability analysis of preexisting landslides 167 or slopes that may undergo shear movement.
169
In summary, the addition of data and a trend line for σ' n = 50 kPa in the empirical 170 correlation shown in Fig. 2 provides a better estimate of the complete stress dependent residual 171 strength envelope than prior correlations for use in stability analyses (see Fig. 1 ).
173 174

Equations for Updated Empirical Correlations for Drained Residual Secant Friction Angle
176
Use of the correlation between LL and φ' r in Fig. 2 requires the user to have the figure available 177 to obtain values of φ' r for a given LL and CF. Having the empirical correlation available only in 178 graphical form also made it difficult to incorporate the correlation in slope stability software and 179 continuum methods. As a result, the present study developed a separate mathematical equation 180 for each σ' n trend line of the proposed correlation which can be used to estimate φ' r using LL and Another set of equations was developed for the trend lines in CF Group #2
200
(25%<CF<45%) and LL values ranging from 30% to less than 130% (30% < LL < 130%) and The trend lines in CF Group #3, i.e., CF > 50%, are divided into two parts to ensure the 212 mathematical expressions are in agreement with the trend lines in Fig. 2 face-to-face interaction of the particles (Skempton 1985) . The resulting shear strength is low 241 because it is difficult for the face-to-face particles to establish contact or bonding between them 242 (Terzaghi et al. 1996) . The establishment of a residual strength condition also results in increased 243 water content at or near the preexisting failure surface (Skempton 1985) . In summary, the The fully softened strength empirical correlation uses three different CF groups, i.e., CF
291
< 20%, 25% < CF < 45%, and CF > 50%, which is similar to the residual strength correlation ranging from 30% to less than 80% (30% < LL < 80%). These equations are given below as A set of three equations was also developed herein for CF Group #2 and LL values 334 ranging from 30% to 130% (30% < LL < 130%) and is given below as Equations (6.1) to (6.3).
335
A second degree polynomial was also used to represent the trend lines for CF Group #2 and for 336 all three effective normal stresses. Another set of three equations was developed for CF Group #3 and LL values ranging 343 from 30% to 300% (30% < LL < 300%) and is given below as Equations (7.1) to (7.3). A third 344 degree polynomial also can be used to represent the trend lines for CF Group #3 and for all three Determining whether the value of effective stress cohesion should be equal to zero is a 358 little more complicated for the fully softened condition than the residual strength condition. is about 2.5 degrees (Skempton, 1970) . Thus, Skempton (1970) concludes that equating the 370 strength of normally consolidated test specimens to the fully softened strength is a "somewhat 371 conservative" approximation.
373
Because the fully softened shear strength corresponds to the drained peak strength of a 374 normally consolidated specimen, this suggests that the value of effective stress cohesion (c')
375
should be set to zero, i.e., the value of cohesion measured in shear tests on normally consolidated 
SPREADSHEET FOR EMPIRICAL CORRELATIONS
389
During the present study a spreadsheet was developed that utilizes only two parameters, CF and shear stress and effective normal stress for the fully softened and residual strength envelopes.
395
The tabulated values of effective normal stress and shear stress can be used directly in slope 396 stability software to describe the stress dependent strength envelope instead of using values of The drained residual strength is a fundamental property because the soil structure, stress history, and gradation of such soils.
443
In summary, disaggregation of highly indurated materials was used in this study to property testing to reflect a "fully" weathered condition.
493
In all preparation procedures, care must be exercised for those materials containing non-
494
clay or silt sized particles to avoid breakdown of these larger particles during processing and 495 changing the gradation of the soil. Whatever sample preparation procedure is used to simulate a
496
"fully" weathered condition, it should be carefully documented so the resulting data can be 497
properly interpreted for design and properly compared to existing fully softened strength 498 correlations such as the one presented herein. 
Effect of Sample Preparation on LL and CF
510
Because the empirical correlations for drained residual and fully softened secant friction angle 511 use index properties measured using disaggregated soil samples for overconsolidated clays, 512 mudstones, claystones, and shales, the effect of sample preparation on index properties is 513 discussed in this section. Non-aggregated materials, e.g., silty clay or clayey, compacted fill,
514
were not ball milled and only processed through Number 40 sieve as required by ASTM D4318 515 and D422 (ASTM, 2010c and 2010d) for measuring LL and CF, respectively. whether or not a material should be ball-milled or not (Stark et al., 2005 Group #3 (25%<CF<45%).
